Introduction 55 56
The eastern subpolar North Atlantic, including the Rockall Trough, is important for the 57
As the SEC carries the warmest and saltiest water within the trough, known as North Atlantic 123
Water (NAW), it must originate to the south of the basin (White and Bowyer, 1997) . Indeed 124 its temperature-salinity characteristics lie close to those of Eastern North Atlantic Central 125
Water (ENAW) (Hill and Mitchelson-Jacob, 1993 ) which forms south of the Rockall Trough. 126
However, it should be noted that the NAW within the SEC is warmer, more saline and less 127 dense than the ENAW found offshore at the same latitude (Holliday et al., 2000) . Nutrient 128 concentrations within NAW are relatively low (Table 1) decrease southwards from the Subpolar Gyre towards the Subtropical Gyre (Garcia et al., 131 2010) . This is related to declining winter convection depths, and the associated reduction in 132 replenishment of upper water nutrients by mixing with underlying higher-nutrient 133 intermediate waters (Louanchi and Najjar, 2000) .] 134 135
Upper water entering from the Bay of Biscay area 136
The predominant water mass in the upper layers of the Rockall Trough during two survey 137 periods (1963-1968 and 1975-1998) was ENAW (Arhan et al., 1994; Ellett and Martin, 1973 ; 138 Holliday et al., 2000) . This water mass originates from the Bay of Biscay area which is a 139 region of weak currents located between the Subtropical and Subpolar Gyres. Here, waters 140 that have entered via the North Atlantic Current (NAC) are subject to winter convection and 141 cooling leading to an increase in salinity for a given temperature Pollard 142 and Pu, 1985). As they move northwards, salinity is thought to be further increased by 143 mixing with underlying Mediterranean Overflow Water (MOW) (Ellett et al., 1986; Harvey, 144 1982) , although this exchange is likely to be limited to certain geographic locations (Pollard 145 et al., 1996) . Similarly to NAW, nutrient levels in ENAW are relatively low (Table 1)  146 reflecting its southern formation area 147 148
Upper water entering via the North Atlantic Current 149
The NAC transports warm and saline Western North Atlantic Central Water (WNAW) from 150 the western North Atlantic across the Mid Atlantic Ridge into the eastern North Atlantic (e.g. 151 Arhan, 1990 ; Read et al., 2010; Sy et al., 1992) . The current exists in a series of branches 152 with the eastern-most sometimes entering the Rockall Trough (e.g. 153 2001; Orvik and Niiler, 2002; Otto and van Aken, 1996) and at other times flowing to the 154 west of Rockall Bank (e.g. Bacon, 1997; Pollard et al., 2004; Read, 2001 ). These differences 155 are likely to be related to changes in the strength of the Subpolar Gyre (Holliday, 2003) 7 which is discussed in section 3. WNAW is cooler and fresher than ENAW (Table 1) as well  157 as having higher nutrient concentrations (McGrath et al., 2012b) . 158 159
Upper water entering from the west 160
The coolest and freshest Atlantic Waters within the subpolar North Atlantic are those found 161 to the northwest of the northernmost branch of the NAC. These waters are a mixture of 162 WNAW carried in the NAC, and SubArctic Intermediate Water (SAIW) found further to the 163 west and north (Harvey and Arhan, 1988; Holliday, 2003) . We use the term modified-164 WNAW (mod-WNAW) to denote this water mass. Mod-WNAW is known to have 165 influenced the Rockall Trough in the early 1950s (Tulloch and Tait, 1959) , in 1978 (Dooley 166 et al., 1984) and partially in 1996 (Holliday, 2003) . Again the influence of mod-WNAW in 167 the Rockall Trough is thought to vary with the strength of the Subpolar Gyre (Hátún et al., 168 2005; Holliday, 2003) . Nutrient concentrations within this water mass are higher than those 169 found in ENAW or NAW (Table 1) due the relatively nutrient rich nature of the Subpolar 170
Gyre (Garcia et al., 2010) . 171 172
Underlying intermediate water masses 173
In the southern-most Rockall Trough the upper waters are underlain by MOW in the east and 174 SAIW to the west (Ullgren and White, 2010) . MOW is best identified by its high salinity 175 (35.5-35.6) and is found below ~ 700 m, whilst SAIW is a relatively fresh (< 34.90) water 176 mass at a similar density level (Pollard et al., 2004; Reid, 1979) . Both water masses have 177 higher nitrate and silicate concentrations than seen in any of the four upper water masses 178 (Table 1) (Table 1) . This nutrient signature is suspected to be related to the 186 remineralisation of nutrients in the lower oxygen layer (between 800-1200 m in the Rockall 187 Trough) which is a permanent feature in the eastern subpolar North Atlantic, rather than 188 being directly attributable to the signature of WTOW itself (Johnson, 2012) . (Thierry et al., 2008) . This contraction of the Subpolar Gyre leads to 213 a decline of western waters, and increase in southern waters, in the eastern subpolar North 214
Atlantic (e.g. Bersch, 2002) . Thus upper waters in the Rockall Trough become warmer and 215 more saline (Hátún et al., 2005; Holliday, 2003) . 216 217 A measure of the strength the Subpolar Gyre can be obtained from the first principal 218 component of sea surface height (SSH) over the subpolar North Atlantic, christened the 219 'subpolar gyre index' by Hátún et al. (2005) . Since 1992 this has been derived from altimeter 220 data Rhines, 2004, 2009 ) and shows a trend of weakening between 1996 and 221 the present day ( Fig. 3.a) . By using models the strength of the gyre has been estimated back 222 representative of the basin as a whole, at least two stations had to have been occupied east of 269 the Anton Dohrn Seamount (which is located approximately half way across the Ellett Line at 270 11 °W) and at least two stations to the west. If, in total, less than four stations were sampled 271 across the whole section, or less than eight good quality data points existed, then the 272 appropriate data from that particular cruise were discounted. For cruises with five or more 273 stations, and greater than 10 data points, data were assumed to be of good quality. Those 274 cruises with intermediate characteristics (i.e. four stations occupied, or eight or nine data 275 points), were considered individually to ensure that poor quality data were excluded and also 276 that good quality data were not discarded. 277
278
Using the above criteria, the majority of cruises were classed as being good quality although 279 around 15 % of data were discarded. Two cruises were disregarded for phosphate (0703S and 280 D351), four for nitrate (0703S, D321, D340 and D365) and one for silicate (0703S). For 281 D321, D340, D351 and D365 this was the result of poor quality and outlying data, whilst for 282 0703S data were of a high quality but only available for three stations in the western trough. dominates over seasonal signals and that no seasonal corrections need to be applied (Fig. 2) . 300 301
Calculation of mean and errors 302
As the integrated dataset for an individual cruise was fairly small, data were bootstrapped so 303 that a mean value and associated error (indicating the reliability of the mean) could be 304 were discounted using the criteria listed in section 4.1 did not display a normal distribution.) 314
Nitrate from P300_2 was therefore included within this study. 315 316
Check of N:P and interannual consistency 317
As a final check of data quality the N:P was calculated and the data examined for interannual 318 consistency. The mean N:P for all cruises (15.7 ± 0.4) was fairly consistent and only slightly 319 
Defining water masses 335
In order to investigate the relative influence of the four upper water masses to the Rockall 336 Trough, the physical and chemical characteristics of these water bodies were defined in 337 addition to the properties of the underlying intermediate water masses (Table 1) (Fig. 4) . If vertical mixing is important one would expect the upper water properties to 447 trend towards those of the underlying water, this is not seen for any year. This is particularly 448 clear in nitrate-salinity and silicate-salinity space (Fig. 4. c-d concentrations increasing as salinity decreases. As NAW characteristics in temperature-465 salinity space are within the properties expected if ENAW and mod-WNAW mix (Fig. 4.a), it  466 is not possible (using these two variables alone) to distinguish the relative importance of 467 ENAW and NAW to the upper waters of the basin. In phosphate-salinity space (Fig. 4.b) and 468 nitrate-salinity space (Fig. 4.c) however, ENAW, NAW and mod-WNAW each have distinct 469
properties. Hence we can see that all three of these water masses influence the upper water 470 column of the Rockall Trough. (WNAW does not appear to be an important contributor to 471 the upper waters of the basin as indicated by the lack of apparent mixing between either 472 ENAW or NAW, and this water mass in temperature-salinity space (Fig. 4.a) .) It is therefore 473
proposed that interannual changes in upper water nutrient concentrations are predominantly 474 caused by changes in the relative contributions of low nutrient southern-origin water masses 475 (ENAW and NAW) and higher nutrient subpolar mod-WNAW. Further, we are able to show 476 that the influence of mod-WNAW was greatest in the late 1990s (blues, Fig. 4 unknown proportions of the three water masses. The problem is over-determined; therefore 511 the method was repeated three times using the relationships of salinity with: potential 512 temperature, phosphate, and nitrate. As the outputs from the salinity-phosphate and salinity-513 nitrate models were nearly identical, a mean was computed using results from just the 514 salinity-temperature and salinity-phosphate models (filled black circles, Fig. 5 ). Additionally 515 a range (black lines, Fig. 5 ) between the highest and lowest output values was calculated to 516
give an idea of the error associated with the method. For cruises when the phosphate data 517 failed the quality checking procedures (Section 4.1), the water mass proportions were 518 determined using the salinity-temperature relationship alone (black circles, (Tomczak, 1981) , the water mass proportions for 521 these three years were also only determined using the salinity and temperature data. were within calculated errors. There is insufficient nitrate data to state confidently how its 569 concentrations changed after 2007 although it is expected that it will be similar to phosphate. 570
Whilst some changes were observed in silicate levels these were smaller than for the other 571 
